In medical literature, studies are divided into two categories; experimental and observational settings. Experimental studies, entitled randomized controlled trials could test the relationship between exposure and outcome experimentally via control group and random allocation. Observational settings include either analytical or descriptive studies. Descriptive studies consist of case reports and case series that are helpful in present the experience of a case or a series of cases with similar diagnoses in detail which results in hypothesis generation. Cross-sectional studies, as analytical designs, are not capable to survey the temporality of exposure and outcome as simultaneously exposure and outcome status are measured. In case-control studies, subjects follow back from outcome to exposure. The rare diseases are recommended to study using case-control setting to save expenses and time. Both exposure measurement and patient selection is before disease detection in cohort studies. Therefore, they are inefficient for rare diseases or diseases with long latency. Cohort studies are time consuming with high cost and loss to follow-up. This paper elaborately reviews the features, advantages, and disadvantages of different types of observational and experimental studies.
Introduction
There are two categories of studies in medical field such as experimental and observational settings. In the experimental setting known as randomized clinical trial (RCT), the researcher assigns the patients to a given procedure or a new treatment to compare the outcomes between groups (1) . The outcomes are likely compared with a placebo or a standard treatment. The patients should receive different treatments randomly to make the study groups homogenous. Small or relatively small sample size is one of the most prominent limitations of clinical trials. As an example, recently a randomized controlled trial found that metabolic-bariatric surgery was more effective than medical treatment in diabetes remission in morbidly obese patients with type 2 diabetes (2) .
In contrast, in some cases clinicians are not able to allocate exposure or treatment to the patients. As a result, they are merely being able to observe and measure the outcomes called observational setting. The majority of the studies in surgical researches are of this typical setting. In observational setting, absence or presence of a comparison group can lead to descriptive and analytical studies, respectively. Often descriptive studies including case reports and case series do not have any prior hypotheses whereas analytical studies including cross-sectional, case-control, and cohort studies answer questions throughout the hypotheses testing via comparison between groups. For a better understanding, Figure 1 depicts the categorization of study designs in terms of descriptive and analytical settings. The aim of this paper is to focus on the characteristics, advantages, and disadvantages of the observational studies, and elaborated presentation of RCTs is remained for further issues.
Case Report and Case Series
A report on a patient and on a series of patients, with one or more outcomes, is titled case report and case series, respectively. These studies present some of the important aspects of succession and coherence over time, and are mainly helpful in hypotheses generation. As a case in point, a study described a morbidly obese patient who presented severe protein malnutrition after Roux-en-Y gastric bypass surgery (3).
In these types of studies, the sampling process is either based on exposure and outcome, or includes patients with specific outcomes (mortality and morbidity are mainly outcomes of interests) regardless of the exposure. Thus, risk ratios, absolute risks, and other effect size indexes could not be calculated. There is no need to follow a consecutive sampling in case series studies (4) . It is sensible to generalize that case series has outcome-based sampling. It is noteworthy that patients with a certain manifestation included the case series, thus a control group is not involved.
Cross-Sectional Studies
Exposure and outcome are measured at the same point in time in cross-sectional studies. This type of study, as a snapshot of the population, enables the researcher to measure the prevalence (frequency of a certain condition) of an outcome, an exposure as well as other variables of interest (5) .
One of the demerits of these studies is that it may be complicated to define the cause and effect relationship, since no dimension of time exists. This approach is not widely-used in surgical research area. Screening studies are typical examples of cross-sectional studies, for instance, detection of a definite condition such as morbidly obese in a certain subset of population e.g. adults or adolescence in a very short period of time. As another example, in a cross-sectional pilot study, the effect of dumping on weight loss in patients who underwent conversion of failed restrictive surgery into Roux-en-Y gastric bypass surgery was estimated (6).
Case-Control Studies
In case-control studies, the subjects are defined by outcome not by exposure (7) i.e. the sampling is outcomebased (4) . It is noteworthy to mention that the time direction of these studies is retrospective.
All types of case-control studies have a control group including subjects who had a manifestation other than the prespecified outcome; healthy or survived individuals. In self-controlled case-control (case-crossover) studies, each individual is on control by their data (8) . The interpretation of risk ratios and absolute risks are meaningful in these studies. Case-control studies naturally tend to bias, i.e. researchers have to deal with different kind of biases such as recall bias. Different definitions as well as different successful techniques over time should be considered in these studies especially in long retrospective series.
As an illustration, to evaluate the possible association between laparoscopic sleeve gastrectomy (LSG) and orthotopic liver transplant (OLT), OLT-LSG patients were matched according to age, sex, body mass index, and year to non-OLT-LSG patients. The outcome is defined as longterm weight loss with comorbidity resolution (9).
Cohort Studies
In cohort studies comparing case-control studies, subjects are defined by the exposure and followed up to outcome, so the direction is prospectively in time. For instance, if the subjects in the exposed group have a higher or lower frequency of a certain outcome than the unexposed subjects, the association between exposure and outcome will be evident. It is necessary to distinguish between cohort direction and obtaining data; cohort direction is prospective whereas data gathering could be related to either the past or now to the future. Another variation of cohort is ambidirectional (7) : imagine a researcher is going to compare the effect of sleeve gastrectomy with gastric bypass on weight loss of morbidly obese patients. In addition, he hypothesized that the type of surgery is associated considerably with the cancer of the digestive system in later life. Figure 2 shows the schematic diagram of different types of cohort studies (7) .
Selection bias should be considered as inevitable issue in cohort studies; in the abovementioned example, a reasonable weight loss and lower rate of complication in a group of the patients may not be due to the surgery type, while perhaps it is due to the characteristics of the selected patients (10) . Admittedly, the researchers are likely mislead in a cohort analysis with testing the association between the outcome and too many possible factors, hence it is highly recommended to determine main questions of interest before conducting the study (4) .
Framingham study is one of the most prominent cohorts in which the residents of the city of Framingham in Massachusetts, USA are followed in order to define the factors associated with the coronary heart disease (11) . A prospective cohort study was conducted to include women who underwent bariatric surgery and were followed to assess their menstrual cycle, sexual behavior, and contraception use during 12 months post-operatively (12) . For further illustration of cohort bariatric surgery, we can address the Scandinavian obesity surgery registry (SOReg) (13) , the Swedish obese subjects (SOS) study (14) , and national obesity surgery in Iran (15).
It is noteworthy that the ability of definition of inclusion criteria and control group, as well as random allocation (individuals to either treatment or control group), and blinding (neither investigator nor patient is aware of the treatment) increases analytical power of the experimental design (1) . Obviously, cohort and then case-control studies have a lower level of evidence due to lower analytical power because of not being able to manage the treatment distribution and other mentioned characteristics (10).
Discussion
This paper elaborately reviewed the characteristics of different types of observational study designs. However, each design has its own advantages and disadvantages which is presented in Table 1 . Furthermore, this Table shows the trend of increasing knowledge about the relationship between disease and exposure. Typically, case report and case series can be used for very rare disease with few established risk factors, whereas they could not study neither disease prevalence nor causal relationships (4) .
Cross-sectional studies, the weakest type of observational studies, is appropriate for frequent expression with long duration such as chronic diseases and nonfatal conditions. Thus, in the case of quickly emerging and rare diseases they will not be helpful. Moreover, cross-sectional studies cannot determine either the incidence of disease or temporality of exposure and effect (5) .
The investigation of association between exposure and outcome in the case of rare diseases through a less expensive and time consuming design, case-control studies could be a priority. Selection bias and exposure measurement after disease occurrence are of the disadvantages of this type of study (4) .
The advantage of cohort study is either to measure the exposure or to select patient before the disease detection, which results in meaningful interpretation of the association between exposure and outcome. It is worthy to note that cohort studies in contrast with case-control studies would be expensive and time-consuming, and also inefficient for rare diseases or diseases with long latency. Loss to follow-up which leads to missing data is the most notable disadvantages (7) .
Researchers are capable of testing the prespecified relationships in RCTs; including control group for comparison as well as random assignment. Different ethical issues surrounding RCTs should be kept in mind at the time of determination of the main aim of the study. Moreover, it is necessary to emphasize that the high quality and accuracy of RCTs are accompanied by a more expensive and timeconsuming process (1).
Conclusion
In summary, RCTs guarantee more evident results, taking into account biases and financial resources limitations 
Cohort study
Defines the meaning of the relationship between exposure and outcome 1-Exposure status determined before disease detection; 2-Subjects selected before disease detection; 3-Can study several outcomes for each exposure.
1-Expensive and time-consuming; 2-Inefficient for rare diseases or diseases with long latency; 3-Loss to follow-up.
Randomized controlled trial
Test the relationship experimentally 1-Investigator can "control" the exposure; 2-Subjects randomly assigned to treatment" and "comparison" groups; 3-Akin to laboratory experiments except living subjects.
1-Very expensive; 2-
Not appropriate to answer certain types of questions (Unethical in some cases e.g. assigning persons to certain treatment or comparison groups).
which results in low sample size. In a situation in which RCTs are not possible, an alternative approach is practical to utilize the observational studies with regards its limiting power. However, it is essential to consider that descriptive studies have a critical role in hypotheses generation, whereas analytical studies are able to investigate the association between exposure and outcome.
